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[57] ABSTRACT 
In a hydraulic servo unit comprising a cylinder and a 
piston slidably inserted therein, the cylinder chamber 
being divided by a piston portion into a rod-side cylin 
der chamber and a head-side cylinder chamber, a con 
trol apparatus for the hydraulic servo unit includes but 
is not limited to a ?rst hydraulic line connecting the 
rod-side cylinder chamber with the hydraulic pressure 
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DIFFERENTIAL AREA MOTOR CIRCUIT FOR 
HYDROSTATIC TRANSMISSION CONTROL 

BACKGROUND OF THE INVENTION 

The invention relates to a control apparatus that uti 
lizes solenoid valves for controlling hydraulic servo 
units which are used, for example, for speed reduction 
ratio control and clutch control required in a variable 
speed transmission. 
There have been proposed various types of continu 

ously variable speed transmissions for vehicles used in 
continuously varying the input rotational speed and 
transmitting it as an output. For example, Japanese 
Patent Laid-Open Publication No. 56(l98l)-95722 dis 
closes a continuously variable speed transmission for 
vehicles, comprising a closed hydraulic circuit having 
therein a constant displacement hydraulic pump and a 
variable displacement hydraulic motor. 

In such a continuously variable speed transmission, 
clutch operation at the time of starting or stopping, and 
speed reduction ratio change during cruising, are con 
trolled by servo units based on signals representing the 
engine throttle opening and the vehicle speed. For ex 
ample, such control may be given as shown in FIG. 7A, 
by means of four solenoid valves 163a through 16312 
which serves to increase or decrease the hydraulic pres 
sure P1 of the working fluid supplied from the line 162 
connected with the right and left cylinders of the servo 
cylinder 161, or as shown in FIG. 7B, by means of two 
solenoid valves 166a and 166b which function via a 
four-way valve 165. 

In the case of FIG. 7A, however, four solenoid 
valves are needed, and in the case of FIG. 73, a four 
way valve is needed, though four valves are not re 
quired. In any case, the use of these valves makes the 
design, the manufacture, and the control of the servo 
unit not only complicated but also costly. In particular, 
in a continuously variable speed transmission this leads 
to a disadvantage in that the transmission becomes large 
in size and complex, since the transmission requires 
servo units for controlling speed reduction ratio and 
clutch operation, respectively. 
Another disadvantage with a conventional servo unit 

is that it cannot provide desirable control in the case of 
solenoid valve malfunction. Therefore, various designs 
for such servo units have been disclosed in the prior art 
as containing fail-safe measures in the event of such 
solenoid valve malfunction, in which, for example, one 
of ‘the servo units is slowly operated by slowly releasing 
the clutch off. For example, Japanese Patent Laid-Open 
Publication No. 60(l985)-24976l, discloses an apparatus 
in which a four-way valve undertakes pressure control 
in the right and left cylinder chambers of the servo 
cylinder for ratio control of a continuously variable 
speed transmission. The operation of the four-way 
valve being controlled by a solenoid valve and, in case 
the solenoid valve is inoperable clue to its malfunction, 
either the four-way valve is maintained so as to prohibit 
the ratio control or the hydraulic fluid is furnished 
through an ori?ce so as to slowly vary the reduction 
ratio until the ratio reaches its maximum or minimum. 
However, if the reduction ratio is prohibited to 

change as illustrated above, it remains so and cannot be 
reduced to LOW (maximum speed reduction ratio) 
when the vehicle is started again, and hence a smooth 
start will not be available. Furthermore, the use of a 
four-way valve has above-mentioned disadvantage that 
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the control apparatus becomes large in size and com 
plex. 

Clutch control for a transmission is, as mentioned 
above, often given by means of servo units utilizing 
solenoid valves. With these systems it may happen that 
the solenoid valves fail to operate, leaving the clutch in 
operational engagement even if the shift lever is 
brought back to its neutral position and an OFF signal 
is generated. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a control 
apparatus which can control the operation of servo 
units by means of only two solenoid valves. 
Another object of the invention is to provide a speed 

control apparatus which is simple in structure, easy to 
control, and not costly. 
A further object of the invention is to provide a reli 

able speed control apparatus capable of furnishing a 
fail-safe operation in case solenoids fail. 
A still further object of the invention is to provide a 

control apparatus for use with servo units for control 
ling a clutch of a transmission, which is capable of 
switching the clutch from an ON state to an OFF state 
by bringing the shift lever into a neutral position when 
the clutch is turned ON by a solenoid valve malfunc 
tion. 

In order to accomplish the above objects, the speed 
control apparatus according to the invention comprises: 

a ?rst hydraulic line connecting the “rod-side cylin 
der chamber" with the hydraulic pressure source which 
supplies working fluid of a predetermined pressure, a 
second hydraulic line connecting the head-side cylinder 
chamber with the ?rst hydraulic line through a ?rst 
solenoid valve of duty-ratio-control, a drain hydraulic 
line connecting the head-side cylinder chamber with a 
drain through a second solenoid valve of duty-ratio 
control. 

It is preferable to provide in the second hydraulic line 
a ?rst ori?ce having a predetermined flow passage area, 
and a second ori?ce in the line extending from the sec 
ond solenoid valve to the drain, the second ori?ce hav 
ing a smaller flow passage area than the ?rst ori?ce. 
An alternative speed control apparatus according to 

the invention comprises: 
a ?rst hydraulic line connecting the “rod-side cylin 

der chamber” with the hydraulic pressure source which 
supplies working fluid of a predetermined pressure, a 
second hydraulic line connecting the head-side cylinder 
chamber with the ?rst hydraulic line through a ?rst 
solenoid valve of duty-ratio-control, a drain hydraulic 
line connecting the head-side cylinder chamber with 
drain through a second solenoid valve of duty-ratio 
control, a hydraulic branch line one end of which is 
connected with a portion of the second hydraulic line 
between the hydraulic pressure source and the ?rst 
solenoid valve, and the other end of which is connected 
with the head-side cylinder chamber, a check valve 
provided in the hydraulic branch line for permitting the 
working fluid from the head-side cylinder to flow only 
in the direction from the head-side cylinder chamber 
into the second hydraulic pressure line, and a shift valve 
provided in a portion of the second hydraulic line be 
tween the hydraulic pressure source and a branching 
point of the branch line. The shift valve shuts the sec 
ond hydraulic line on a side of the hydraulic pressure 
source and connects the second hydraulic line on a side 



3 
of the branching point with a drain when a neutral 
range is selected, but allows working ?uid to flow 
through the second hydraulic line when a running range 
is selected. - 

Further scope of the applicability of the present in 
vention will become apparent from the detailed descrip 
tion given hereinafter. However, it should be under 
stood that the detailed description and speci?c exam 
ples, while indicating preferred embodiments of the 
invention, are given by way ofillustration only and that 
various changes and modi?cations within the spirit and 
scope of the invention will become apparent to those 
skilled in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully under 
stood from the detailed description given hereinbelow 
and the accompanying drawings, which are given by 
way of illustration only and do not limit the scope of the 
present invention. Hence; 
FIG. 1 is a schematic diagram of a hydraulic circuit 

used in a continuously variable speed transmission hav 
ing a control apparatus according to the invention. 
FIG. 2 is a cross sectional view ofa ?rst and a second 

speed control servo unit. 
FIG. 3 is a cross sectional view ofa clutch servo unit. 
FIG. 4 is a schematic diagram of a hydraulic circuit 
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used in a continuously variable speed transmission hav- . 
ing control apparatus units according to the invention. 
FIG. 5 is a cross sectional view of a directional con 

trol servo unit used in the above-mentioned continu 
ously variable speed transmission. 
FIG. 6 is a cross sectional view ofa clutch servo unit 

for the above-mentioned continuously variable speed 
transmission. 
FIGS. 7A and 7B are schematic diagrams of hydrau 

lic circuits for servo units according to the prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows a hydraulic circuit diagram of a contin 
uously variable speed transmission provided with a 
control apparatus, according to the ?rst embodiment of 
the invention. The continuously variable speed trans 
mission has a constant displacement hydraulic pump P 
driven by the engine E through the input shaft 1 and a 
variable displacement hydraulic motor M connected to 
the output shaft 2 driving the wheels W. The hydraulic 
pump P and motor M constitute a closed hydraulic 
circuit along with two hydraulic lines: the ?rst hydrau 
lic line La by which the delivery port of the pump P 
communicates with the suction port of the motor M, 
and the second hydraulic line Lb by which the suction 
port of the pump P does with the delivery port of the 
motor M. 
A charge pump 10 driven by the engine E is con 

nected to the closed circuit through a charge hydraulic 
line Lh having a check valve 11 and through a third 
hydraulic line Lc having a pair of check valves 3 and 3. 
Hydraulic oil pumped up by the charge pump 10 from 
an oil sump 15 and regulated in its pressure by a charge 
pressure relief valve 12 is supplied to either of the two 
hydraulic lines La or Lb which is at a lower pressure, 
through the check valves 3 and 3. A fourth hydraulic 
line Ld having a shuttle valve 4 is connected to the 
closed circuit. To the shuttle valve 4 is connected a ?fth 
hydraulic line and a sixth hydraulic line which respec 
tively have a high pressure relief valve 6 and a low 
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pressure relief valve 7 and are connected to the oil sump 
15. The shuttle valve 4 is a 2-port, 3-position selector 
valve, which is operated in response to a hydraulic 
pressure difference of the ?rst and second hydraulic 
lines to connect either of the ?rst or second hydraulic 
lines La having higher, pressure with the ?fth hydraulic 
line Le as well as to connect the other of the ?rst and 
second hydraulic lines having lower pressure to the 
sixth hydraulic line Lf. Therefore, the relief hydraulic 
pressure of a higher pressure-side line is regulated by 
the high pressure relief valve 6, and the relief hydraulic 
pressure of the other, lower pressure-side line is regu 
lated by the low pressure relief valve 7. 
Between the ?rst and the second hydraulic lines La 

and Lb is provided a seventh hydraulic line Lg through 
which both lines can be communicated with each other. 
The seventh hydraulic line Lg is provided with a clutch 
valve 5, a flow metering valve to control the opening 
degree of the line Lg. The clutch valve 5 is actuated by 
a clutch servo unit 80 which is connected thereto 
through a link 88. Therefore, the flow metering control 
of the clutch valve 5 by the actuation of the clutch 
servo valve 80 can accomplish a clutch control for 
controlling the transmission of driving power from the 
hydraulic pump P to the hydraulic motor M. 

Actuators for controlling the speed reduction ratio of 
the continuously variable speed transmission T by way 
of the displacement control of the hydraulic motor M 
are the ?rst and the second ratio control servo units 30 
and 50 connected to one another by a link mechanism 
40. The hydraulic motor M is a swash plate type axial 
piston motor whose displacement is varied by the con 
trol of swash plate angle by the ratio control servo units 
30 and 50. 
The actuations of the ratio control servo valves 30 

and 50, and control of the clutch servo valve 80, are 
respectively controlled by pairs of solenoid valves 151, 
152 and 155, 156 which are duty-ratio-controlled by 
signals from a controller 100. The controller 100 re 
ceives signals corresponding to such parameters as vehi 
cle speed V, engine speed Ne, throttle opening 0th, 
swash plate angle (hr of the hydraulic motor M, acceler 
ator pedal opening Oacc operated by a driver, atmo 
‘spheric pressure Pat, oil temperature To, water temper 
ature Tw and clutch opening Ocl. The controller 100, 
based on the above signals, outputs signals for control 
ling the above solenoid valves to effectuate desirable 
traveling control. Here, the engine throttle valve open 
ing 9th and the accelerator pedal opening Oacc to actu 
ate the engine throttle valve are parameters represent 
ing the driver's intention to accelerate or decelerate. 
The accelerator pedal opening 0acc is “full-open“ when 
the accelerator pedal is fully depressed, and “full 
closed” when fully released. 
The structures and operations of the above servo 

units 30, 50 and 80 are described in detail hereinafter. 
Referring ?rst to the ratio control servo units 30, 50 

shown in FIGS. 1 and 2, the ?rst ratio control servo unit 
30 controls the swash plate angle of the hydraulic motor 
M with the help of the high hydraulic pressure fed from 
the closed hydraulic circuit of the transmission T 
through the shuttle valve 4, the ?fth line Le and a high 
pressure line 120. The second ratio control servo unit 50 
is connected to the ?rst ratio control servo unit 30 by a 
link mechanism 40 and controls the operation ofthe ?rst 
ratio control servo unit 30. 
The ?rst ratio control servo unit 30 comprises a hous 

ing 31 having a connection port 310 connected to the 
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high pressure line 120, a piston member 32 slidably 
inserted into the housing 31, and a spool member 34 
slidably and coaxially inserted into the piston member 
32. The piston member 32 consists of a piston portion 
320 formed at its right end and a rod portion 32b coaxi 
ally extending leftward. The piston portion 32a is ?tted 
into a cylinder hole 31c of the housing 31 and divides 
the space inside the cylinder hole 310 into two chambers 
de?ning two cylinder chambers 35, 36. The rod portion 
32b having a smaller diameter than that of the cylinder 
hole 31c is inserted into a rod hole 31d which is concen 
tric with the cylinder hole 31c. The right cylinder 
chamber 36 is covered by a plug member 330 and cover 
33b through which the right end of the spool member 
34 protrudes. 
The high pressure line 120 connected to the port 310 

is communicated with the left cylinder chamber 35 
through a hydraulic line 31b. The piston member 32 is 
pushed rightward by the hydraulic pressure fed in the 
left cylinder chamber 35 through the high pressure line 
120. 
A land portion 34a which is inserted in a spool hole 

32d is formed at the left end of the spool member 34. A 
pair of dents 34b having diagonal planes with ?xed axial 
widths is formed at the right side of the land portion 
340. A stop ring 37 mounted on the spool member 34 
hits against a stop ring 38 mounted on the inside surface 
of the piston member 32 before the spool member 34 
comes out. 

A drain passage 322 which can connect the right 
cylinder chamber 36 to the oil sump (not shown) 
through the spool hole 32d responding to the rightward 
motion of the spool member 34 and a connection pas 
sage 32c which can connect the left cylinder chamber 
35 to the right cylinder chamber 36 through the dents 
34b responding to the leftward motion of the spool 
member 34 are formed in the piston member 32. 
When the spool member 34 is moved rightward, the 

land portion 34a blocks the connection passage 32c and 
opens the drain passage 32e. Accordingly the hydraulic 
pressure fed through the high pressure line 120 is led in 
the left cylinder chamber 35 and pushes the piston mem 
ber 32 rightward so that the piston member 32 follows 
the spool member 34. When the spool member 34 is 
moved leftward, the connection passage 32c communi 
cates with the right cylinder chamber 36 through the 
dents 34b and the drain passage 3242 is blocked by the 
land portion 340. Accordingly the high hydraulic pres 
sure is fed to both the left and right cylinder chambers 
35, 36. The piston member 32 is pushed leftward be 
cause of the difference in areas where pressure applied 
and therefore the piston member 32 is moved so as to 
follow the spool member 34. 
When the spool member 34 is held still, the piston 

member 32 is also held still creating a hydraulic floating 
state because of pressure balance between the left and 
right cylinder chambers 35, 36. 
As aforesaid, when the spool member 34 is moved 

leftward or rightward, the piston member 32 is moved 
laterally so as to follow the spool member 34 with the 
help of the high hydraulic pressure fed through the high 
pressure line 120. Accordingly the variable displace 
ment of the motor M is controlled by the motion of the 
spool member 34 since the piston member 32 is con 
nected to the swash plate 73 of the motor M by means 
of a link member 39. 
The spool member 34 is linked to the second servo 

unit 50 by means of a link mechanism 40. The link mech 
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anism 40 includes a ?rst link member 42 being swing 
able around an axis 42c and having two arms 42a and 
42b perpendicular to each other, and a second link 
member 48 pivotally connected to the arm 42b. The 
upper end of the arm 42a is pivotally connected to the 
right end of the spool member 34. The bottom end of 
the second link member 48 is pivotally connected to a 
spool member 54 of the second servo unit 50. Therefore 
when the spool member 54 of the second servo unit 50 
is moved up or down, the spool member 34 of the ?rst 
servo unit 30 is moved rightward or leftward. 
The second servo unit 50 comprises a housing 51 

having ports 51a, 51b to which hydraulic lines 102, 104 
are connected respectively, and the spool member 54 
vertically slidably ?tted in the housing 51. The spool 
member 54 consists of a piston portion 540, an end spool 
portion 54b coaxially extending downward and‘ a rod 
portion 54c coaxially extending upward therefrom. The 
piston portion 540 is inserted into a cylinder hole 510 of 
the housing 51 and divides the space inside the cylinder 
hole 510 covered by a cover 55 into two chambers 
de?ning a rod-side (upper) and a head-side (lower) cyl 
inder chamber 52, 53, respectively. The end spool por 
tion 54b is ?tted into a rod hole 51d which is concentric 
with the cylinder hole 510 and extends downward. 
A spool 58a of a top position detecting switch 58 is 

projected into a recess 54e formed on the end spool 
portion 54b. The spool 58a is pushed up along the ta 
pered surface of the recess 54e when the spool member 
54 is moved up. Therefore it can be found by the top 
position detecting switch 58a if the speed reduction 
ratio has become minimum since the pushed-up spool 
58a turns the switch 58 on. 

Further, the hydraulic lines 102, 104 are communi 
cated with the rod-side and head-side cylinder cham 
bers 52, 53 through the ports 51a, 51b. The spool mem 
ber 54 is moved up or down by the difference of hy 
draulic forces applied to the piston portion 540 which 
are determined based on the differences of hydraulic 
pressures and of areas where the hydraulic pressures in 
the cylinder chambers 52, 53 are applied. The up and 
down motions of the spool member 54 are transmitted 
to the spool member 34 of the ?rst servo unit 30 by the 
link mechanism 40 causing right and left motions of the 
spool member 34. In other words, the control of the 
hydraulic pressures supplied through the hydraulic lines 
102, 104 enables the control of the motion of the spool 
member 34 and the piston member 32 in the ?rst servo 
unit 30 and also enables the control of the swash plate 
angle of the hydraulic motor M and the displacement 
thereof. In fact, when the spool member 54 of the sec 
ond servo unit 50 is moved up, the piston member 32 of 
the ?rst servo unit 30 is moved rightward lessening the 
swash plate angle, the displacement of the hydraulic 
motor M and the speed reduction ratio. 
The ‘pressurized oil in the hydraulic line 102 connect 

ing the port 51a to the rod-side cylinder chamber 52 is 
sent through a hydraulic line 101 and 102 from the 
delivery line of the charge pump 10 after its pressure is 
regulated by the charge pressure relief valve 12. The oil 
pressure in the hydraulic line 104 connecting the port 
51b to the head-side cylinder chamber 53 is obtained by 
regulating the oil pressure in a hydraulic line 103 (in 
cluding an ori?ce 103a therein), which is branched from 
the hydraulic line 102, by the ?rst and second duty 
ratio-controlled solenoid valves 151 and 152. The ?rst 
solenoid valve 151 duty-ratio-controls the flow rate of 
the oil ?owing from the hydraulic line 103 (having the 



7 
ori?ce 103a therein) to the hydraulic line 104. The sec 
ond solenoid valve 152 is disposed between a hydraulic 
line 105 branched from the line 104 and a hydraulic line 
106 communicating with the drain through an ori?ce 
106a, and duty-ratio-controls drain-?ow of the hydrau 
lic oil from the line 104 in accordance with a given duty 
ratio. 
As a result, to the rod-side cylinder chamber 52 a 

charge pressure regulated by the charge pressure relief 
valve 12 is applied through the line 102, while to the 
head-side cylinder chamber 53 is supplied from the line 
104 a lower pressure than the charge pressure which is 
regulated by the ?rst and second solenoid valves 151 
and 152. Since the pressure-applied area of the rod-side 
cylinder chamber 52 is smaller than that ofthe head-side 
cylin'der chamber 53, the forces due to the oil pressures 
in the cylinder chambers 52 and 53 acting on the spool 
member 54 keep their balance when the oil pressure in 
the head-side cylinder chamber 53 is a speci?ed value Pl 
which is smaller than the oil pressure Pu in the rod-side 
cylinder chamber 52 (Pu>Pl). Therefore, when the oil 
pressure supplied to the head‘side cylinder chamber 53 
from the line 104 is controlled by the ?rst and second 
solenoid valves 151 and 152 so as to be higher than the 
above pressure Pl, the spool member 54 is moved up 
ward to have a small swash plate angle of the hydraulic 
motor M, i.e., to have a small speed reduction ratio, 
while when the oil pressure supplied to the head-side 
cylinder chamber 53 from the line 104 is controlled so as 
to be smaller than the above pressure Pl, the spool mem 
ber 54 is moved downward to have a relatively large 
swash plate angle ofthe hydraulic motor M, i.e., to have 
a relatively large speed reduction ratio. 

Both of the solenoid valves 151 and 152 are con 
trolled by signals from the controller 100. By control 
ling the operations of the two solenoid valves 151 and 
152 based on the signals from the controller 100, the 
actuations of the ?rst and second ratio control servo 
units 30 and 50 are controlled. This results in the control 
of the displacement of the hydraulic motor M, and 
therefore in the control of speed reduction ratio. 
The ?rst and second ori?ces 103a and 106a, each 

provided in the hydraulic line which is under duty ratio 
control by said ?rst and second solenoid valves 151 and 
152, respectively, are provided as a fail-safe measure in 
case both the solenoid valves 151 and 152 fail to operate 
and become OFF. For this purpose the flow passage 
area A1 of the ?rst ori?ce 103a is made not only greater 
than the similar area A; of the second ori?ce 1060 (A1. 
>A2) but also chosen as will now be discussed. 
When both of the solenoid valves 151 and 152 fail to 

operate due to malfunction or electrical failure, thereby 
falling into an OFF state, the working fluid oil in the 
hydraulic line 103 flows into the hydraulic line 104 
through the ?rst ori?ce 103a and further flows into the 
drain (oil sump 15) from hydraulic line 106 through the 
second ori?ce 1060. Since A1>A2, the hydraulic pres 
sure Pa in the hydraulic line 104 becomes lower than the 
pressure Pu in the hydraulic lines 103 and 102, and the 
pressure Pa can be set at an arbitrary magnitude de 
pending upon the ratio of the two flow passage areas 
A1 and A2. For example, if the ratio (Al/A2) is in 
creased, the pressure Pa in the hydraulic line 104 ap 
proaches the pressure Pu in the hydraulic lines 102, 
while the pressure Pa approaches zero when the ratio is 
decreased. 

Thus, when both the solenoid valves 151 and 152 
become, for example, OFF, then by adjusting this ratio 
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so that the pressure Pa in the hydraulic line 104 becomes 
a little higher than said predetermined value Pl, the 
pressure Pu acts in the rod-side cylinder chamber 52 of 
the second ratio control servo unit 50 and the pressure 
Pa acts in the head-side cylinder chamber 53. Hence the 
spool member 54 receives greater pressure from the 
head-side cylinder chamber 53, the spool member 54 is 
thereby moved upward to increase the speed reduction 
ratio (i.e., the reduction ratio is varied towards LOW). 

It is noted, however, that the force acting on the 
spool member 54 upwardly is small because the pressure 
Pa in the head-side cylinder chamber 53 is higher than 
the pressure Pl only slightly, and therefore that spool 
member 54 is moved upward slowly and the speed 
reduction ratio is varied slowly towards LOW. In this 
manner, a slow change in the speed reduction ratio 
towards LOW will provide a fail-safe function even 
when both of the solenoid valves 151 and 152 become 
OFF due to, for example, a malfunction during driving. 
Although in the example above the pressure Pa in the 

hydraulic line 104 (or pressure in the head-side cylinder 
chamber 53) is set a little higher than the predetermined 
pressure Pl, the pressure Pa may alternatively be set a 
little lower than Pl so that when the two valves 151 and 
152 becomes OFF, the spool member 54 is slowly 
moved downward to gradually change the speed reduc 
tion ratio towards TOP (HIGH) as a fail-safe. 
The following is a detailed description of the con 

struction of the clutch servo unit 80 based on FIG. 3. 
The clutch servo unit 80 consists of a cylinder member 
81, a piston member 82 inserted in the cylinder member 
81 slidably to the right and left, a cover member 85 ?xed 
to cover the cylinder chamber into which the piston 
member 82 is inserted, and a spring 87 pushing the pis 
ton member 82 to the left. A piston 820 on the piston 
member 82 divides the cylinder chamber 81 into a head 
side (left) cylinder chamber 83 and a rod-side (right) 
cylinder chamber 84. Hydraulic lines 112 and 110, are 
connected to the head-side cylinder chamber 83 and the 
rod-side cylinder chamber 84, respectively, via ports 
86a and 86b, respectively. 
The hydraulic oil in the hydraulic line 110 is trans 

ferred from the charge pump 10 (whose delivery pres 
sure is regulated by the charge pressure relief valve 12) 
through a hydraulic line 101, while the hydraulic oil in 
the hydraulic line 112 is transferred from the hydraulic 
line 101 through a hydraulic line 111. When the hydrau 
lic oil is diverged into the line 111 and passes through an 
ori?ce 111a in the line 111, hydraulic oil pressure is 
controlled by the two duty-ratio-controlled solenoid 
valves 155 and 156. Here, the solenoid valve 156 is 
provided to control the flow rate of the hydraulic oil 
flowing from the line 111 (having the ori?ce 111a 
therein) to the line 112 based on the duty ratio signals, 
while the solenoid valve 155 is disposed between a 
hydraulic line 113 diverging from the line 112 and a 
hydraulic line 114 communicating with the drain 
through an ori?ce 1140, to control the ?ow of the by 
draulic oil from the line 113 to the drain based on the 
duty signals. 

Therefore, to the rod-side cylinder chamber 84 via 
the line 110 is applied the charge pressure regulated by 
the charge pressure relief valve 12, while to the head 
side cylinder chamber 83 is applied a pressure from the 
line 112 lower than the charge pressure, by the action of 
the aforesaid two solenoid valves 155 and 156. In this 
connection, the force applied on the piston member 82 
from the right side (that is, a force due to the hydraulic 
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pressure Pu in the rod-side cylinder chamber 84 plus the 
force of the spring 87) balances with the force applied 
on the piston member 82 from the left side (that is, a 
force due to the hydraulic pressure P2 in the head-side 
cylinder chamber 83), even when P2 is lower than Pu, 
because the area of the rod-side cylinder chamber 84 
subject to oil pressure is designed to be much smaller 
than that of the head-side cylinder chamber 83. There 
fore, if the solenoid valves 155 and 156 control the 
hydraulic pressure (in the head-side cylinder chamber 
83) supplied from the line 112 so as to be larger than the 
pressure P2, the piston member 82 will be moved to the 
right, while when the solenoid valves 155 and 156 con 
trol the hydraulic pressure in the head-side cylinder 
chamber 83 supplied from the line 112 so as to be 
smaller than the pressure P2, the piston member 82 will 
be moved to the left. 
The movement of the piston member 82 to the left or 

right is transmitted to the clutch valve 5 through a link 
88. The clutch valve 5 consists of a stationary member 
50 having a ?rst valve port 51; therein, and a rotary 
member 5c having a second valve port 50’ rotatably 
inserted_in the stationary member 50. An arm 52 engag 
ing with the rotary member 5c is connected to the afore 
said link 88, thus allowing a rotation of the rotary mem 
ber 5c in accordance with the movement of the afore 
said piston member 82. When the rotary member 50 is 
rotated, the communication between the ?rst and sec 
ond valve ports 5b and 5d varies from “fully open” to 
“fully closed”. When the piston member 82 is moved to 
the leftmost as shown in FIG. 2, the communication in 
the clutch valve 5 is “fully open”, while as the piston 
member 82 moves to the right, the communication var 
ies gradually to “fully closed”. 

Because the ?rst valve port 5b communicates with 
the ?rst line La and the second valve port 5d communi 
cates with the second line Lb constituting the hydraulic 
closed-circuit, the variation in the communication be 
tween the aforesaid ?rst and second valve ports 5b and 
5d can change the opening degree of the seventh line Lg 
or the short circuit line of the ?rst and second lines La 
and Lb, thus effecting clutch control. In other words, 
based on signal from the controller 100, duty-ratio con 
trol of aforesaid solenoid valves 155 and 156 can per 
form a successful clutch control. 
The ?rst and the second ori?ces 111a and 1140 pro 

vided in the hydraulic lines 111 and 114, respectively, 
are also for securing fail safe in the case of a malfunction 
of the solenoid valves 156 and 155, similar in nature to 
the ori?ces 103a and 106a for the speed control servo 
units 30 and 50, respectively. For this purpose, the ?ow 
passage area A3 of the ?rst ori?ce 111a is made greater 
than the similar area A4 of the second ori?ce 114a and 
the ratio of the two areas (A3/A4) can be set at a prefer 
able value. 

Therefore, when the two solenoid valves 155 and 156 
become OFF simultaneously, the piston member 82 of 
the clutch servo unit 80 is slowly moved to the right by 
setting the ratio (A3/A4) such that the pressure Pbin the 
hydraulic line 112 becomes a little higher than the pres 
sure P2 at which the forces acting to the right and left 
are balanced (i.e., the force from oil pressure in the 
head-side cylinder and the pressure force plus the spring 
force on the rod-side cylinder are balanced). In such a 
case, the clutch valve 5 will be gradually closed for 
fail-safe even if the solenoid valves 155 and 156 for the 
clutch servo units 80 fail to operate during driving. 
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With the above unit, when the clutch valve 5 is 
closed making the clutch ON, as in the case of a sole 
noid valve malfunction, the vehicle can be stopped by 
selecting a neutral range and it can be run by selecting 
a running range. Alternatively, the clutch valve 5 may 
be fully opened to make the clutch OFF in case of 
malfunction and the brake is effected to stop the vehi 
cle. To do this, the pressure P1, in the hydraulic line 112 
is set a little lower than the balancing pressure P; so that 
piston member 82 is gradually moved to the left, 
thereby opening the clutch valve- 5 slowly when the 
both of the solenoid valves 155 and 156 have become 
OFF. 

Since in accordance with the above description the 
hydraulic servo units in a continuously variable speed 
transmission for controlling a speed reduction 'ratio and 
for controlling a clutch can each be controlled by 
means of only two duty-ratio-control solenoid valves, a 
control apparatus utilizing such servo units and conse 
quently the continuously variable speed transmission as 
well, can be made compact and simple in structure, and 
their furthermore manufacturing cost can be reduced. 
Other embodiments of the invention will now de 

scribed, with reference to FIG. 4. FIG. 4 is a schematic 
diagram of the hydraulic circuit for a continuously 
variable speed transmission having a control apparatus 
according to the invention. The items and structure in 
FIG. 4 that are similar to those shown in FIG. 1 are 
numbered the same in FIG. 4 as in FIG. 1 and the de 
scriptions thereof will not be repeated below. 
An output shaft 28 connected to the wheels W is 

placed in parallel with the drive shaft 2 of the hydraulic 
motor M. A directional change gear unit 20 is placed 
between these two shafts 2 and 28. The gear unit 20 
comprises a ?rst drive gear 21 and a second drive gear 
22 ?rmly mounted on the drive shaft 2 leaving an axial 
space therebetween, a ?rst driven gear 23 rotatably 
mounted on the output shaft 28 and engaged with the 
?rst drive gear 21, a second driven gear 25 rotatably 
mounted on the output shaft 28 and engaged with a 
intermediate gear 24 which intermediate gear 24 is en 
gaged with the second drive gear 22, a clutch hub 26 
placed between the ?rst and second driven gears 23, 25 
and ?rmly mounted on the output shaft 28, and a sleeve 
27 slidably mounted on the clutch hub 26 which sleeve 
27 can be selectively engaged with the clutch gears 23a, 
250 formed on the sides of the driven gears 23, 25, re 
spectively. In the directional change gear unit 20, when 
the sleeve 27 is slided leftward, the clutch gear 230 of 
the ?rst driven gear 23 is connected to the clutch hub 26 
by means of the sleeve 27 (as shown in FIG. 1). Hence 
the rotational direction of the output shaft 28 is opposite 
to that of the drive shaft 2 and the wheels W are driven 
forward by the continuously variable speed transmis 
sion T. On the other hand, when the sleeve 27 is slided 
rightward, the clutch gear 250 of the second driven 
gear 25 is connected to the clutch hub 26 by means of 
the sleeve 27. Hence, the rotational direction of the 
output shaft 28 is the same as that of the drive shaft 2 
and the wheels W are driven rearward. 
The directional change servo unit 60 provides a di 

rectional change operation by sliding the sleeve 27 of 
I said directional change gear unit 20 (See FIG. 5). The 
control of this directional change servo unit 60 is given 
by a manual valve (or shift valve) 90 which selectively 
supplies and extracts working fluid in association with 
the motion of the shift lever. 
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The directional change servo unit 60 comprises a 

housing 61 having four ports 62a, 62b, 62c, 620’ with 
which four hydraulic lines 123, 124, 125b and 125a 
(shown in FIG. 4) are connected, and a spool member 
65 which is slidably inserted in the housing 61 for longi 
tudinal motion therein. The spool member 65 consists of 
a piston portion 65a and a rod portion 65b-extending 
rightward therefrom coaxially with the piston portion. 
The piston portion 650 is inserted in the cylinder bore 

610 which is formed in the housing 61 to extend longitu 
dinally, and divide the cylinder chamber capped by the 
cover 67 into a left cylinder chamber 63 and right cylin 
der chamber 64. The rod portion 65b is inserted in a rod 
bore 61b which extends to the right coaxially with the 
cylinder bore 610, the right end thereof extending out of 
the right end surface of the housing 61 and having a 
shift fork 68 mounted thereon which engages with the 
sleeve 27 of the directional change unit 20 to slidably 
shift the sleeve. 

In the spool member 65 there is a communication 
bore 65c so formed as to axially extend and open at its 
left end to communicate with the left cylinder chamber 
63. A valve bore 65d is also formed in the spool mem 
ber, which valve bore 65d extends from the bore 65c to 
its opening on the outer surface of the rod portion 65b. 
The spool member 65 is biased to the left by a spring 66 
mounted inside the right cylinder chamber 64. 
The servo unit 60 having the above constitution is 

operated by means of a hydraulic pressure supplied in 
response to the operation of the manual valve 90 from 
the hydraulic lines 123 and 124 to the left and right 
hydraulic pressure chambers 63 and 64, respectively. 
The hydraulic line 123 communicates with the reverse 
port 94 of the manual valve 90 while the hydraulic line 
124 communicates with the forward port 92 thereof. 
The manual valve 90 operates in accordance with the 
motion of the shift lever in the driver’s compartment, 
which shift lever controls the motion of the spool 95. 
When the shift lever is positioned in the “D" or “L” 
range for forward running, the valve 90 connects the 
input port 91 with the forward port 92; when the shift 
lever is positioned in the “R” range, it connects the 
input port 91 with the reverse port 94; and in “N” range 
(neutral range), it shuts the input port 91 and connects 
the forward port 92 and the reverse port 94 with the 
drain. “D, L, R" ranges are referred to as running 
ranges. 
The input port 91, via hydraulic line 101, communi 

cates with charge hydraulic line Lh whose pressure is 
regulated by a charge pressure relief valve 12. Conse 
quently, when the shift lever is in the forward range (D 
or L range), the reverse port 94 communicates with the 
drain in the manual valve 90, while the forward port 92 
communicates with the input port 91. Then, the left 
cylinder chamber 63 of the directional change servo 
unit 60 communicates with the drain, and to the right 
chamber 64 is supplied the charge pressure from the 
charge hydraulic line Lh. As a result the hydraulic 
pressure in the right cylinder chamber 64 forces the 
spool member 65 to the left, the shift fork 68 to the left, 
and also the sleeve 27 (FIG. 4) engaging therewith to 
the left, thereby setting the directional change gear unit 
20 at forward range. The right cylinder chamber 64 
then communicates via a notch 65e of the spool member 
65, with a (communication) line 69a communicating 
with the port 62c, so that the hydraulic pressure in the 
right cylinder chamber 64 (change hydraulic pressure) 

O 

La) 5 

45 

60 

65 

5,060,476 
12 

is also supplied from the port 620 to the hydraulic pres 
sure line 126 through the hydraulic line 1251). 
As the shift lever is shifted to “N" position, the input 

port 91 is shut and other ports 92, 93, and 94 are con 
nected with the drain (‘shown in FIG. 4). The hydraulic 
pressures in the right and left cylinder chambers 63 and 
64 of the directional change unit fall to “0", but the 
spool member 65 is held in the left biased position by the 
biasing force of the spring 66, which retains the direc 
tional change gear unit in the forward condition. The 
hydraulic pressure in the hydraulic line 126 is also “0". 
When the shift lever is shifted to “R", the input port 

91 communicates with the reverse port 94, while other 
ports 92 and 93 remains to communicate with the drain. 
Under such conditions, to the left cylinder chamber 63 
is provided the hydraulic pressure from charge hydrau 
lic line Lh, and, since the right cylinder chamber 64 
communicates with the drain, the spool member 65 is 
moved to the right and the shift fork 68 is also moved to 
the right to move the sleeve 27 to the right, resulting in 
the switching of the gears in the directional change unit 
20 from a forward to a rearward driving arrangement. 
The valve port 65d of the spool member 65 has an open 
ing in the communication line 69b connected with the 
port 62d. The hydraulic pressure in the left cylinder 
chamber 63 (charge hydraulic pressure) is also supplied 
via the hydraulic line 126 to the communication bore 
650, valve bore 65d, communication line 69b and the 
hydraulic pressure line 125a. 
The operation control of the clutch valve 5 is given 

by the clutch servo unit 80 shown in FIG. 6. The opera 
tion of the clutch servo unit 80 is controlled by a pair of 
solenoid valves 155 and 156 whose duty ratios are in 
turn controlled in response to signals given by the con 
troller 100. The controller 100 receives signals repre 
senting vehicle speed V, rotational engine speed Ne, 
throttle opening 0th, inclination angle Otr of the hy 
draulic motor M, and accelerator opening Oacc, and 
generates signals to control said solenoid valves 155 and 
156 so that desired driving control can be attained. The 
clutch servo unit 80 shown in FIG. 6 has the same struc 
ture as the shown in FIG. 3, wherein the head-side 
cylinder chamber 83 is connected with the hydraulic 
line 128 and the rod-side cylinder chamber 84 with the 
hydraulic line 122. The hydraulic line 122 branches 
from the hydraulic line 101 and communicates with the 
charge hydraulic line Lh, to which the charge pressure 
regulated by a charge pressure relief valve 12 is sup 
plied. The hydraulic pressure in the hydraulic line 128 is 
obtained by controlling the pressure supplied from the 
hydraulic line 127 having an ori?ce 1270, which 
branches from said hydraulic line 126, by the ?rst and 
second solenoid valves 155 and 156 which are under 
duty ratio control. The ?rst solenoid valve 156 is for 
controlling the flow rate of the working ?uid passing 
from the hydraulic line 127 having ori?ce 1270 to the 
hydraulic line 128 in accordance with the duty ratio. 
The second solenoid valve 155, arranged between the 
hydraulic line 129 which branches from the hydraulic 
line 128 and the hydraulic line 130 that communicates 
with the drain via an orifice 130a, controls the out 
going flow of the oil from the hydraulic line 129 to the 
drain in accordance with the duty ratio. From the hy 
draulic line 126 branches a hydraulic line 131 which 
communicates with the hydraulic line 128. The hydrau 
lic line 131 is provided with a check valve 140 consist 
ing of a ball 21 and a spring 22 which permits the flow 
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from the hydraulic line 128 to the hydraulic line 126, but 
prohibits a flow in the opposite direction. 

Therefore, the rod-side cylinder chamber 84 is al 
ways supplied with charge hydraulic pressure from the 
hydraulic line 101 and 122. On the other hand, when the 
running range is selected in the transmission, the head 
side cylinder chamber 83 is supplied with a charge hy 
draulic pressure through the hydraulic line 126 by 
means of the manual valve 90, but is not supplied with 
the charge hydraulic pressure when the transmission is 
in the neutral range, making the hydraulic pressure in 
the head-side cylinder chamber 83 zero. Furthermore, 
even when the transmission is in the running range, the 
head’side cylinder chamber 83 is not supplied with the 
charge hydraulic pressure in the hydraulic line 126 
directly, but supplied with the pressure only after it is 
reduced to the pressure lower than the charge pressure 
by the ?rst and second solenoid valves 155 and 156. 
The area of the piston portion 820 to which pressure 

is applied is smaller in the rod-side cylinder chamber 84 
than in the head-side cylinder chamber 83, so that the 
forces acting on the piston due to the pressures in cham 
bers 83 and 84 and the biasing force of the spring 87 are 
balanced when the hydraulic pressure P2 in the head 
side cylinder chamber 83 is lower than the pressure Pu 
in the rod-side cylinder chamber 84 (Pu>P2). Conse 
quently, by raising the hydraulic pressure supplied from 
the hydraulic line 128 to the head-side cylinder chamber 
83 higher than P2, piston member 82 can be moved to 
the right, while by reducing the pressure supplied at the 
head-side cylinder chamber 83 lower than P2 the piston 
member 82 can be moved to the left. 
The rightward and leftward motion of the piston 

member 82 is transmitted to the clutch valve 5 through 
the link mechanism 88, providing clutch control. The 
constitution of the clutch valve 5 is the same as the one 
shown in FIG. 3, and its description will therefore not 
be repeated here. 
The lockout feature of the invention will now be 

discussed. When the shift lever is in the “D" or the “L" 
position, the hydraulic line 123 is connected through the 
valve 90 to the drain. The left cylinder chamber 63 is 
connected to the drain through the hydraulic line 123 
and the spool member 65 is shifted to the left under the 
force of the spring 66. The line 69b is cut off from the 
bore 65c by the spool member 65. The right cylinder 
chamber 64 communicates with the hydraulic line 126 
through the notch 65c, the line 690, the port 62c, and the 
hydraulic line 125b, thus connecting the line 124 with 
the hydraulic line 126. The line 124 is connected 
through the valve 90 to the charge hydraulic line Lh via 
the hydraulic line 101. In this manner, the hydraulic line 
127 is connected to the charge hydraulic line Lh, and 
pressurized hydraulic ?uid is available for clutch con 
trol. As discussed above, hydraulic ?uid under pressure 
may be provided to the head-side cylinder chamber 83 
in order to operate the clutch valve 5 to close the line 
Lg. 
When the shift lever is moved from the "D" or the 

“L“ position to the “R” position the shift lever moves 
through the “N" position. As discussed above, when 
the shift lever is maintained in the “N" position, the 
hydraulic pressure in the head-side chamber 83 is set to 
zero. However, it is possible to operate the shift lever 
very quickly so that the time that the shift lever spends 
in the “N" position while moving from the “D" or the 
“L“ position to the “R" position is very small. Never 
theless, the lockout feature of the invention will cause 
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the pressure in the head-side chamber to fall to zero 
beforethe gear unit 20 is shifted into a reverse state. 
Whenrthe shift lever is moved to the “R" position 

from the “D" position, initially the spool member 65 is 
in the left position, as just discussed. Moving the shift 
lever into the “R” position causes the line 123 to be 
connected through the valve 90 to the charge hydraulic 
line Lh via the hydraulic line 101. The line 124 and the 
right cylinder chamber 64 are connected to the drain 
through the valve 90. When the line 123 is connected to 
the charge hydraulic line Lh, the left cylinder chamber 
63 receives oil under pressure and the spool member 65 
begins to move to the right. However, since when the 
shift lever is ?rst moved into the “R” position the spool 
member 65 is positioned to the left, then the head-side 
cylinder chamber 83 is connected to the drain through 
the check valve 140 in the hydraulic line 131, the line 
126, the line 125b, the port 62c, the line 690, the notch 
65c, the right cylinder chamber 64, the port 62b, the line 
124, and the valve 90. In this manner, the clutch valve 
5 is operated to open the line Lg during the shifting 
operation. This condition of the head-side cylinder 83 
being connected to the drain continues until the shifting 
operation is essentially complete (i.e., until the spool 
member 65 has traveled suf?ciently to the right to block 
the notch 65a). When the shifting operation is complete, 
the change gear unit is in a reverse gear state and the 
head-side chamber 83 is connected to the charge hy 
draulic line Lh via the line 126, the port 62d, the line 
6%, the valve bore 65d, the bore 65c, the left cylinder 
chamber 63, the line 123, the valve 90, and the line 101. 
Also, at this time, the head-side chamber 83 is cut off 
from the drain by the blocking of the notch 65c. Thus, 
oil under pressure is again available in the line 127 for 
selective provision to the head-side chamber 83. 
A similar interlock operation occurs when the shift 

lever is moved from the “R” position to either of the 
“D” and “L” positions. In this case, if the shift lever is 
moved quickly, the spool member 65 may be in a right 
position when the shift lever is ?rst moved into one of 
the “D" and “L” positions. However, when the shift 
lever is in the “D” or the “L" position, the shift valve 90 
connects the line 123 with the drain and connects the 
line 124 with the charge hydraulic line Lh via the hy 
draulic line 101. This connects the left cylinder chamber 
63 with the drain and connects the right cylinder cham 
ber 64 with the charge hydraulic line Lh. As a result, 
the spool member 65 begins to move to the left to shift 
the change gear unit 20 into a forward gear state. How 
ever, since initially the spool member 65 is positioned to 
the right, the head-side cylinder chamber 83 is initially 
connected to the drain through the line 131, the line 
126, the line 125a, the port 62d, the line 69b, the valve 
bore 65a’, the bore 650, the left cylinder chamber 63, the 
line 123, and the valve 90. This causes the head-side 
cylinder chamber 83 to be drained and causes the clutch 
valve 5 to operate to open the line Lg at the beginning 
of the operation of shifting the change gear unit 20 into 
a forward gear state. When the shifting is complete, the 
conditions return to a state in which the spool member 
65 is positioned to the left, the valve bore 65d is cut off, 
the notch 65c is open, and the line 127 is connected to 
the charge hydraulic line Lh via the hydraulic line 101. 
The operation of such a continuously variable speed 

transmission will now be described. When the manual 
valve 90 is in the neutral position as set by the shift 
lever, the hydraulic pressures in the hydraulic lines 123, 
124 and 126 are all zero, so that the spool member 65 of 
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the directional servo unit 60 is shifted leftward by the 
action of the spring 66 to set the directional change gear 
unit 20 at the forward position, and also the piston mem 
ber 82 of the clutch servo unit 80 is shifted leftward to 
fully open the clutch valve 5. Under this condition, the 
hydraulic motor M is not rotated and remains neutral 
even while the hydraulic pump P is driven by the en 
gine E. 
As the manual valve 90 is switched from the above 

range to, for the “D" range (by means ofthe shift lever), 
the charge hydraulic pressure is supplied to the hydrau 
lic lines 124 and 126. Upon this switching, although the 
directional change gear unit 20 remains at the forward 
position, the head-side cylinder chamber 83 of the 
clutch servo unit 80 is provided with a pressure that is 
determined by the solenoid valves 155 and 156, and as a 
result the opening control of the clutch valve 5 occurs. 
The opening control of the clutch valve 5 is to permit 

the smooth starting and stopping of the vehicle. This 
may be done, for example, by establishing reference 
clutch openings in relation to the engine throttle open 
ing and the vehicle speed, and by giving the ?rst and 
second solenoid valves 155 and 156 a duty ratio signal 
supplied by the controller 100 such that the reference 
clutch opening can be obtained corresponding to the 
actual throttle opening and vehicle speed. 
When the shift range is “D” under the controlled 

opening of the clutch valve 5, the clutch valve 5 is 
opened to prevent engine stalling if the acceleration 
pedal is not depressed, leaving the engine idling. As the 
acceleration pedal is thereafter depressed, the opening 
control of the clutch valve 5 is carried out as described 
above to turn the clutch ON, and the vehicle will be 
started (and put into a running condition). In stopping 
the vehicle, as the vehicle speed becomes lower than a 
predetermined speed, the controller generates a signal 
which is transmitted to the solenoid valves 155 and 156 
for opening the clutch valve 5 to turn the clutch OFF. 
When the vehicle is at a halt, the clutch is set OFF (by 
opening the clutch valve 5) to thereby prevent engine 
stall. 
However, if the solenoid valves 155 and 156 stop 

their operation on account of a malfunction, for exam 
ple of the controller 100, or a sticking of the spools of 
the solenoid valves 155 and 156 during running while 
they are in ON condition, the fluid in the head-side 
cylinder chamber 83 is trapped and the clutch valve Sis 
shut, leaving the clutch ON. If the vehicle is stopped 
with the clutch left in this condition, the engine suffers 
from an over~load since the engine tends to drive the 
wheels through the continuously variable speed trans 
mission T, and ?nally incurs engine stall. In this case, 
the ball 141 is pushed by the charge hydraulic pressure 
in the hydraulic line 126 so that the check valve 140 
remains shut and the fluid is not let out through the 
hydraulic line 131. 

Nevertheless, in the event that both of the solenoid 
valves 155 and 156 malfunction in an ON state, if the 
manual valve 90 is switched to the neutral range by 
shifting the shift lever, the hydraulic line 126 communi 
cates with the drain, thereby releasing the ball 141 of 
the check valve 140 due to the force of the hydraulic 
pressure in the head-side cylinder chamber 83 acting on 
the check valve 140 overcoming the force due to the 
spring 22 and the fluid in the head-side cylinder cham 
ber 83 is exhausted into the drain through the hydraulic 
line 131. At’ the same time, because of the hydraulic 
pressure in the rod-side cylinder chamber 84, the piston 
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member 82 is moved to the left to fully open the clutch 
valve 5. Thus, in the case ofa simultaneous failure ofthe 
solenoid valves 155 and 156 in which the valves 155 and 
156 remain in an ON state, engine stall can be avoided 
by moving the shift lever into the neutral range to 
thereby make the clutch OFF. 
Although the invention has been described above for 

the control of a clutch servo valve used with a continu 
ously variable speed transmission, it is not limited 
thereto, but may be utilized equally well for controlling 
clutches of transmissions of different types by means of 
the servo valves according to the invention. 
As has been described above, when the ?rst and sec 

ond solenoid valves have failed simultaneously by re 
maining in an ON state, with a resultant failure to con 
trol the clutch servo valve units, the working fluid is 
trapped in the head-side cylinder chamber and the servo 
cylinder is immobilized as it is. However, by operating 
the shift lever from the running range to neutral range, 
the second hydraulic line on the side of the pressure 
supply source is shut, the second hydraulic line on the 
side of the branching portion is adapted to communicate 
with the drain by means of the shift valve (i.e. manual 
valve), and the head-side cylinder chamber communi 
cates by the action of the check valve with the drain 
through the branching hydraulic line and the shift 
valve, thus permitting the servo valve to move, making 
the clutch turned OFF to thereby avoid a stalling of the 
engine. 
The invention being thus described, it will be appar 

ent that the invention may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modi?cations as would be apparent to one skilled in the 
art are intended to be included within the scope of the 
following claims. 
What is claimed is: 
1. In a hydraulic servo unit comprising a cylinder and 

a piston inserted in a chamber formed in said cylinder, 
said piston having a piston portion which is slidably 
inserted in said cylinder chamber and a rod portion with 
one end thereof being integral with said piston portion 
and the other end thereof extending out of said cylinder 
chamber, said cylinder chamber being divided by said 
piston portion into a rod-side cylinder chamber through 
which said piston rod penetrates and a head-side cylin 
der chamber to which an end surface of said piston 
portion faces, a pressure-receivin g area of said head-side 
cylinder chamber being greater than a pressure-receiw 
ing area of said rod-side cylinder chamber; 

a control apparatus for said hydraulic servo unit com 
prising: 

a ?rst hydraulic line for supplying a working fluid of 
a predetermined pressure from a hydraulic pressure 
source to said rod-side cylinder chamber; 

a ?rst ‘solenoid valve whose opening is controlled in 
accordance with duty-ratio signals; 

a second hydraulic line connecting said head-side 
cylinder chamber with said ?rst hydraulic line 
through said ?rst solenoid valve; 

a second solenoid valve whose opening is controlled 
in accordance with duty-ratio signals; and 

a drain hydraulic line connecting said head-side cylin 
der chamber with a drain through said second 
solenoid valve, wherein a ?rst ori?ce having a 
predetermined ?xed ?ow passage area is provided 
in said second hydraulic line, and a second ori?ce 
having a predetermined ?xed flow passage area 
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smaller than said area of the ?rst ori?ce is provided 
in said drain hydraulic line. 

2. A control apparatus as de?ned in claim 1, wherein 
said hydraulic servo unit is used for controlling the 
speed reduction ratio of a continuously variable speed 
transmission. 

3. A control apparatus as de?ned in claim 1, wherein 
said hydraulic servo unit is used for controlling the 
clutch of a continuously variable speed transmission. 

4. In a hydraulic servo unit comprising a cylinder and 
a piston inserted in a chamber formed in said cylinder, 
said piston having a piston portion which is slidably 
inserted in said cylinder chamber and a rod portion with 
one end thereof being integral with said piston portion 
and the other end thereof extending out of said cylinder 
chamber, said cylinder chamber being divided by said 
piston portion into a rod-side cylinder chamber through 
which said piston rod penetrates and a head-side cylin 
der chamber to which an end surface of said piston 
portion faces, a pressure-receiving area of said head-side 
cylinder chamber being greater than a pressure-receiv 
ing area of said rod-side cylinder chamber; 

a control apparatus for said hydraulic servo unit com 
prising: 

a ?rst hydraulic line means for supplying a working 
fluid of a predetermined pressure from a hydraulic 
pressure source to said rod-side cylinder chamber; 

a ?rst solenoid valve whose opening is controlled in 
accordance with duty-ratio signals; 

a second hydraulic line means for connecting said 
head-side cylinder chamber with said ?rst hydrau 
lic line means through said ?rst solenoid valve; 

a second solenoid valve whose opening is controlled 
in accordance with duty-ratio signals; 

a drain hydraulic line connecting said head-side cylin 
der chamber with a drain through said second 
solenoid valve; and 

a shift valve provided in said second hydraulic line 
means between said ?rst hydraulic line means and 
said ?rst solenoid valve; 

wherein said shift valve shuts the second hydraulic 
line means on a side of said ?rst hydraulic line 
means and connects the second hydraulic line 
means on a side of said ?rst solenoid valve with a 
drain when a neutral range is selected, but allows 
working fluid to flow from said ?rst hydraulic line 
means through said second hydraulic line means 
when a running range is selected. 

5. In a hydraulic servo unit comprising a cylinder and 
a piston inserted in a chamber formed in said cylinder, 
said piston having a piston portion which is slidably 
inserted in said cylinder chamber and a rod portion with 
one end thereof being integral with said piston portion 
and the other end thereof extending out of said cylinder 
chamber, said cylinder chamber being divided by said 
piston portion into a rod-side cylinder chamber through 
which said piston rod penetrates and a head-side cylin 
der chamber to which an end surface of said piston 
portion faces, a pressure-receiving area of said head-side 
cylinder chamber being greater than a pressure-receiv 
ing area of said rod-side cylinder chamber; 

a control apparatus for said hydraulic servo unit com 
prising: 

a ?rst hydraulic line for supplying a working ?uid of 
a predetermined pressure from a hydraulic pressure 
source to said rod-side cylinder chamber; 

a ?rst solenoid valve whose opening is controlled in 
accordance with duty-ratio signals; 
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a second hydraulic line connecting said head-side 
cylinder chamber with said ?rst hydraulic line 
through said ?rst solenoid valve; 

a second solenoid valve whose opening is controlled 
in accordance with duty-ratio signals; 

a drain hydraulic line connecting said head-side cylin 
der chamber with a drain through said second 
solenoid valve; 

a hydraulic branch line one end of which is connected 
with a portion of said second hydraulic line be 
tween said hydraulic pressure source and said ?rst 
solenoid valve, and the other end of which is con 
nected with said head-side cylinder chamber; 

a check valve provided in said hydraulic branch line 
for permitting the working ?uid to flow only from 
said head-side cylinder chamber into said second 
hydraulic pressure line at a point by-passing the 
?rst solenoid valve and not from said second hy 
draulic pressure line by-passing said ?rst solenoid 
valve through said hydraulic branch line into said 
head-side cylinder; and 
shift valve provided in a portion of said second 
hydraulic line between said hydraulic pressure 
source and a branching point of said branch line; 

wherein said shift valve shuts the second hydraulic 
line on a side of said hydraulic pressure source and 
connects the second hydraulic line on a side of said 
branching point with a drain when a neutral range 
is selected, but allows working fluid to flow from 
said hydraulic pressure source through said second 
hydraulic line when a running range is selected. 

6. A control apparatus for a hydraulic servo unit with 
a piston slidably ?tted in a cylinder, said piston dividing 
said cylinder into a head-side chamber and a rod-side 
chamber, said piston having a ?rst pressure-bearing 
surface facing into said head-side chamber and a second 
pressure-bearing surface facing into said rod-side cham 
ber, and a rod integral with said piston on the side of the 
piston facing into the rod-side chamber, said rod extend 
ing out of said cylinder, comprising, ?rst hydraulic line 
means for supplying a working fluid of a predetermined 
pressure to said rod-side chamber, ?rst solenoid means 
for opening and closing a ?rst valve in accordance with 

' duty-ratio control signals, second hydraulic line means 
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for connecting said head-side chamber with said ?rst 
hydraulic line means through said ?rst solenoid means, 
second solenoid means for opening and closing a second 
valve in accordance with duty-ratio control signals, 
control means for supplying said duty-ratio control 
signals, drain means for connecting said head-side cylin 
der chamber with a drain through said second solenoid 
means, and a ?rst restriction in said second hydraulic 
line means and a second restriction in said drain means, 
said ?rst restriction having a ?rst predetermined ?xed 
flow area and said second restriction having a second 
predetermined ?xed flow area. 

7. A control apparatus according to claim 6, wherein 
said ?rst predetermined ?xed flow area is greater than 
said second predetermined ?xed flow area. 

8. A control apparatus according to claim 7, wherein 
the area of said ?rst pressure-bearing surface is greater 
than the area of said second pressure-bearing surface. 

9. A control apparatus according to claim 8, wherein 
said hydraulic servo unit is used in a continuously vari 
able transmission for controlling the speed reduction 
ratio of said transmission according to the position of 
said rod as said piston is slidably operated in said cylin 
der. 
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10. A control apparatus according to claim 8, 

wherein said rod is operatively connected to a hydrauli 
cally operated continuously variable transmission for 
controlling the speed reduction ratio of said continu 
ously variable transmission. 

11. A control apparatus according to claim 8, 
wherein said rod is operatively connected to'a swash 
plate in a hydraulically operated continuously variable 
transmission for controlling the position of said swash 
plate. 

12. A control apparatus according to claim 8, 
wherein said hydraulic servo unit is used in a continu 
ously variable transmission for controlling a clutch of 
said transmission according to the position of said rod as 
said piston is slidably operated in said cylinder. 

13. A control apparatus according to claim 8, 
wherein said rod is operatively connected to a hydrauli 
cally operated continuously variable transmission for 
controlling a clutch of said continuously variable trans 
mission. 

14. A control apparatus according to claim 6, 
wherein the area of said ?rst pressure-bearing surface is 
greater than the area of said second pressure-bearing 
surface. ~ 

15. A control apparatus according to claim 14, 
wherein said hydraulic servo unit is used in a continu 
ously variable transmission for controlling the speed 
reduction ratio of said transmission according to the 
position of said rod as said piston is slidably operated in 
said cylinder. 

16. A control apparatus according to claim 14, 
wherein said rod is operatively connected to a hydrauli 
cally operated continuously variable transmission for 
controlling the speed reduction ratio of said continu 
ously variable transmission. 

17. A control apparatus according to claim 14, 
wherein said rod is operatively connected to a swash 
plate in a hydraulically operated continuously variable 
transmission for controlling the position of said swash 
plate. 

18. A control apparatus according to claim 14, 
wherein said hydraulic servo unit is used in a continu 
ously variable transmission for controlling a clutch of 
said transmission according to the position of said rod as 
said piston is slidably operated in said cylinder. 

19. A control apparatus according to claim 14, 
wherein said rod is operatively connected to a hydrauli 
cally operated continuously variable transmission for 
controlling a clutch of said continuously variable trans 
mission. 

20. A control apparatus for a hydraulic servo unit 
with a piston slidably ?tted in a cylinder, said piston 
dividing said cylinder into a head-side chamber and a 
rod-side chamber, said piston having a ?rst pressure 
bearing surface facing into said head-side chamber and 
a second pressure-bearing surface facing into said rod 
side chamber, and a rod integral with said piston on the 
side of the piston facing into the rod-side chamber, said 
rod extending out of said cylinder, comprising, ?rst 
hydraulic line means for supplying a working ?uid of a 
predetermined pressure to said rod-side chamber, ?rst 
solenoid means for opening and closing a ?rst valve in 
accordance with duty-ratio control signals, second hy 
draulic line means for connecting said head-side cham 
ber with said ?rst hydraulic line means through said 
?rst solenoid means, second solenoid means for opening 
and closing a secondvalve in accordance with duty 
ratio control signals, control means for supplying said 
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duty-ratio control signals, drain means for connecting 
said head-side cylinder chamber with a drain through 
said second solenoid means, wherein the area of said 
?rst pressure-bearing surface is greater than the area of 
said second pressure-bearing surface, and shifting means 
for shifting a transmission apparatus of a vehicle be 
tween a running range and a non-running range, said 
shifting means being provided in said second hydraulic 
line means between said ?rst hydraulic line means and 
said ?rst solenoid means, wherein said shifting means 
shuts the second hydraulic line means on a side of said 
?rst hydraulic line means and connects said second 
hydraulic line means on a side of said ?rst solenoid 
means with a drain when a neutral range is selected, but 
allows working ?uid to ?ow from said ?rst hydraulic 
line means through said second hydraulic line means 
when a running range is selected. 

21. A control apparatus according to claim 20, 
wherein said shifting means comprises a valve and a 
shifting cylinder connected to said valve, said shifting 
cylinder having a piston slidable in said cylinder with a 
shifting rod integral with said piston, said rod being 
operatively connected to a gear for shifting said trans 
mission apparatus. 

22. A control apparatus for a hydraulic servo unit 
with a piston slidably ?tted in a cylinder, said piston 
dividing said cylinder into a head-side chamber and a 
rod-side chamber, said piston having a first pressure 
bearing surface facing into said head~side chamber and 
a second pressure-bearing surface facing into said rod 
side chamber, and a rod integral with said piston on the 
side of the piston facing into the rod-side chamber, said 
rod extending out of said cylinder, comprising, ?rst 
hydraulic line means for supplying a working ?uid of a 
predetermined pressure to said rod-side chamber, ?rst 
solenoid means for opening and closing a ?rst valve in 
accordance with duty-ratio control signals, second hy 
draulic line means for connecting said head-side cham 
ber with said ?rst hydraulic line means through said 
?rst solenoid means, second solenoid means for opening 
and closing a second valve in accordance with duty 
ratio control signals, control means for supplying said 
duty-ratio control signals, drain means for connecting 
said head-side cylinder chamber with a drain through 
said second solenoid means, wherein the area of said 
?rst pressure-bearing surface is greater than the area of 
said second pressure-bearing surface, and a shift valve 
provided in said second hydraulic line means between 
said ?rst hydraulic line means and said ?rst solenoid 
means, wherein said shift valve blocks communication 
between the second hydraulic line means and said ?rst 
hydraulic line means and connects said second hydrau 
lic line means and said ?rst solenoid means with a drain 
when a neutral range is selected, but allows working 
?uid to ?ow from said ?rst hydraulic line means 
through said second hydraulic line means when a run 
ning range is selected. 

23. A control apparatus for a hydraulic servo unit 
with a piston slidably ?tted in a cylinder, said piston 
dividing said cylinder into a head-side chamber and a 
rod-side chamber, said piston having a ?rst pressure 
bearing surface facing into said head-side chamber and 
a second pressure-bearing surface facing into said rod 
side chamber, and a rod integral with said piston on the 
side of the piston facing into the rod-side chamber, said 
rod extending out of said cylinder, comprising, ?rst 
hydraulic line means for supplying a working ?uid of a 
predetermined pressure to said rod-side chamber, ?rst 
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solenoid means for opening and closing a ?rst valve in 
accordance with duty-ratio control signals, second hy 
draulic line means for connecting said head-side cham 
ber with said ?rst hydraulic line means through said 
?rst solenoid means, second solenoid means for opening 
and closing a second valve in accordance with duty 
ratio control signals, control means for supplying said 
duty-ratio control signals, drain means for connecting 
said head-side cylinder chamber with a drain through 
said second solenoid means, wherein the area of said 
?rst pressure-bearing surface is greater than the area of 
said second pressure-bearing surface, a hydraulic 
branch line one end of which is connected with a por 
tion of said second hydraulic line means between a 
pressure source of said working ?uid and said ?rst sole 
noid means, and the other end of which is connected 
with said head-side chamber, a check valve provided in 
said hydraulic branch line for permitting the working 
?uid to ?ow only from said head-side chamber into said 
second hydraulic line means and not from said second 
hydraulic line means through said hydraulic branch line 
into said head-side chamber, and a shift valve provided 
in a portion of said second hydraulic line means be 
tween said pressure source and a branching point of said 
branch line, wherein said shift valve disconnects said 
second hydraulic line means from said pressure source 
and connects said second hydraulic line means on a side 
of said branching point with a drain ‘when a neutral‘ 
range is selected, but allows working ?uid to ?ow from 
said pressure source through said second hydraulic line 
means when a running range is selected. 

24. A control apparatus for a hydraulic servo unit 
with a cylinder, a cylinder chamber in said cylinder, a 
piston having a piston portion slidably inserted in said 
cylinder chamber and a rod portion with one end inte 
gral with said piston portion and another end extending 
out of said cylinder chamber, said cylinder chamber 
being divided by said piston portion into a rod-side 
cylinder chamber through which said piston rod pene 
trates and a head-side cylinder chamber into which an 
end surface of said piston portion faces, said end surface 
facing into said head-side cylinder chamber with a ?rst 
pressure-bearing surface, said piston portion having a 
second pressure-bearing surface facing into said rod 
side cylinder chamber, said ?rst’pressure-bearing sur 
face being greater in area than said second pressure 
bearing surface, comprising, ?rst hydraulic line means 
for supplying a working ?uid of a predetermined pres 
sure to said rod-side cylinder chamber, ?rst solenoid 
means for opening and closing a ?rst valve in accor 
dance with duty-ratio signals, second hydraulic line 
means for connecting said head-side cylinder chamber 
with said ?rst hydraulic line means through said ?rst 
solenoid means, second solenoid means for opening and 
closing a second valve in accordance with duty-ratio 
signals, control means for supplying said duty-ratio 
signals to control said ?rst and second solenoid means, 
drain means for connecting said head-side cylinder 
chamber with a drain through said second solenoid 
means, and a shift valve provided in said second hy 
draulic line means between said ?rst hydraulic line 
means and said ?rst solenoid means, wherein said shift 
valve shuts said second hydraulic line means on a side of 
said ?rst hydraulic line means and connects said second 
hydraulic line means on a side of said ?rst solenoid 
means with a drain when a neutral range is selected, but 
allows working ?uid to ?ow from said ?rst hydraulic 
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line means through said second hydraulic line means 
when a running range is selected. 

25. A control apparatus for a hydraulic servo unit 
with a cylinder, a cylinder chamber in said cylinder, a 
piston having a piston portion slidably inserted in said 
cylinder chamber and a rod portion with one end inte 
gral with said piston portion and another end extending 
out of said cylinder chamber, said cylinder chamber 
being divided by said piston portion into a rod-side 
cylinder chamber through which said piston rod pene 
trates and a head-side cylinder chamber into which an 
end surface of said piston portion faces, said end surface 
facing into said head-side cylinder chamber with a ?rst 

_ pressure-bearing surface, said piston portion having a 
second pressure~bearing surface facing into said rod 
side cylinder chamber, said ?rst pressure-bearing sur 
face being greater in area than said second pressure 
bearing surface, comprising, ?rst hydraulic line means 
for supplying a working ?uid of a predetermined pres 
sure to said rod-side cylinder chamber, ?rst solenoid 
means for opening and closing a ?rst valve in accor 
dance with duty-ratio signals, second hydraulic line 
means for connecting said head-side cylinder chamber 
with said ?rst hydraulic line means through said ?rst 
solenoid means, second solenoid means for opening and 
closing a second valve in accordance with duty-ratio 
signals, control means for supplying said duty-ratio 
signals to control said ?rst and second solenoid means, 
drain means for connecting said head-side cylinder 
chamber with a drain through said second solenoid 
means, a hydraulic branch line one end of which is 
connected with a portion of said second hydraulic line 
means between a pressure source of said working ?uid 
and said ?rst solenoid means, and the other end of 
which is connected with said head-side chamber, a 
check valve provided in said hydraulic branch line for 
permitting the working ?uid to ?ow only from said 
head-side chamber into said second hydraulic line 
means and not from said second hydraulic line means 
through said hydraulic branch line into said head-side 
chamber, and a shift valve provided in a portion of said 
second hydraulic line means between said pressure 
source and a branching point of said branch line, 
wherein said shift valve disconnects said second hy 
draulic line means from said pressure source and con 
nects said second hydraulic line means on a side of said 
branching point with a drain when a neutral range is 
selected, but allows working ?uid to ?ow from said 
pressure source through said second hydraulic line 
means when a running range is selected. 

26. A control apparatus for a hydraulic servo unit 
with a piston slidably ?tted in a cylinder, said piston 
dividing said cylinder into a head-side chamber and a 
rod-side chamber, said piston having a ?rst pressure 
bearing surface facing into said head-side chamber and 
a second pressure-bearing surface facing into said rod 
side chamber, said ?rst pressure-bearing surface having 
an area that is greater than the area of said second pres 
sure-bearing surface, and a rod integral with said piston 
on the side of the piston facing into the rod-side cham 
ber, said rod extending out of said cylinder, comprising, 
biasing means for biasing said piston toward said head 
side chamber, ?rst hydraulic line means for supplying a 
working ?uid of a predetermined pressure to said rod 
side chamber, ?rst solenoid means for opening and clos 
ing a ?rst valve in accordance with duty-ratio control 
signals, second hydraulic line means for connecting said 
head-side chamber with said ?rst hydraulic line means 
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through said ?rst solenoid means, second solenoid 
means for opening and closing a second valve in accor 
dance with duty-ratio control signals, control means for 
supplying said duty-ratio control signals, and drain 
means for connecting said head-side cylinder chamber 
with a drain through said second solenoid means, and a 
?rst restriction in said second hydraulic line means and 

‘a second restriction in said drain means, said ?rst re 
striction having a ?rst predetermined ?xed ?ow area 
and said second restriction having a second predeter 
mined ?xed ?ow area. 

27. A control apparatus according to claim 26, 
wherein said ?rst predetermined ?ow area is greater 
than said second predetermined ?ow area. 

28. A control apparatus according to claim 27, 
wherein said rod is operatively connected to a clutch in 
a hydraulically operated continuously variable trans 
mission to control the operation of said clutch. 

29. A control apparatus according to claim 26, 
wherein said rod is operatively connected to a clutch in 
a hydraulically operated continuously variable trans 
mission to control the operation of said clutch. 

30. A control apparatus according to claim 26, 
wherein said biasing means comprises a spring. 

31. A control apparatus according to claim 26, fur 
ther comprising a second cylinder in said piston, a sec 
ond piston slidably ?tted in said second cylinder, said 
second piston having a cylinder pressure bearing sur 
face facing into said head-side chamber, and second 
biasing means for biasing said second piston toward said 
head-side chamber. 

32. A control apparatus according to claim 31, 
wherein said second biasing means comprises a spring. 

33. A control apparatus according to claim 26, fur 
ther comprising third hydraulic line means for selec 
tively connecting said ?rst hydraulic line means to said 
second hydraulic line means, said third hydraulic line 
means being connected to said ?rst hydraulic line means 
between said ?rst solenoid means and a pressure source, 
and valve means in said third hydraulic line means for 
allowing said working ?uid to ?ow from said head-side 
chamber to said ?rst hydraulic line means and also for 
preventing the ?ow of working ?uid from said ?rst 
hydraulic line means to said second hydraulic line 
means through said third hydraulic line means. 

34. A control apparatus for a hydraulic servo unit 
with a piston slidably ?tted in a cylinder, said piston 
dividing said cylinder into a head-side chamber and a 
rod-side chamber, said piston having a ?rst pressure 
bearing surface facing into said head-side chamber and 
a second pressure-bearing surface facing into said rod 
side chamber, said ?rst pressure-bearing surface having 
an area that is greater than the area of said second pres 
sure-bearing surface, and a rod integral with said piston 
on the side of the piston facing into the rod-side cham 
ber, said rod extending out of said cylinder, comprising, 
biasing means for biasing said piston toward said head 
side chamber, ?rst hydraulic line means for supplying a 
working ?uid of a predetermined pressure to said rod 
side chamber, ?rst solenoid means for opening and clos 
ing a ?rst valve in accordance with duty-ratio control 
signals, second hydraulic line means for connecting said 
head-side chamber with said ?rst hydraulic line means 
through said ?rst solenoid means, second solenoid 
means for opening and closing a second valve in accor 
dance with duty-ratio control signals, control means for 
supplying said duty-ratio control signals, drain means 
for connecting said head-side cylinder chamber with a 
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drain through said second solenoid means, a ?rst restric 
tion in said second hydraulic line means and a second 
restriction in said drain means, said ?rst restriction hav 
ing a ?rst predetermined ?xed ?ow area and said sec 
ond restriction having a second predetermined ?xed 
?ow area, said ?rst predetermined ?xed ?ow area being 
greater than said second predetermined ?xed ?ow area, 
third hydraulic line means for selectively connecting 
said ?rst hydraulic line means to said second hydraulic 
line means, said third hydraulic line means being con 
nected to said ?rst hydraulic line means between said 
?rst solenoid means and a pressure source, and valve 
means in said third hydraulic line means for allowing 
said working ?uid to flow from said head-side chamber 
to said ?rst hydraulic line means and also for preventing 
the ?ow of working ?uid from said ?rst hydraulic line 
means to said second hydraulic line means through said 
third hydraulic line means. 

35. A control apparatus in a hydraulically operated 
continuously variable transmission with a hydraulic 
motor and a hydraulic pump interconnected by a closed 
hydraulic circuit, and a clutch in said transmission, 
comprising, a piston slidably ?tted in a cylinder, said 
piston dividing said cylinder into a head-side chamber 
and a rod-side chamber, said piston having a ?rst pres 
sure-bearing surface facing into said head-side chamber 
and a second pressure-bearing surface facing into said 
rod-side chamber, said ?rst pressure-bearing surface 
having an area that is greater than the area of said sec 
ond pressure-bearing surface, a rod integral with said 
piston on the side of the piston facing into the rod-side 
chamber, said rod extending out of said cylinder and 
being operatively connected to said clutch for operating 
said clutch according to the position of said piston in 
said cylinder, biasing means for biasing said piston 
toward said head-side chamber, ?rst hydraulic line 
means for supplying a working ?uid of a predetermined 
pressure to said rod-side chamber, second hydraulic line 
means for supplying a working ?uid of a second pres 
sure to said head-side chamber, valve means to regulate 
the second pressure, and shift means for disconnecting 
said second hydraulic line means from a pressure source 
and connecting said second hydraulic line means with a 
drain when a neutral range is selected, but allowing 
working ?uid to ?ow from said pressure source through 
said second hydraulic line means when a running range 
is selected. 

36. A control apparatus according to claim 35, 
wherein when said neutral range is selected said clutch 
is operated so as to prevent the operation of said hy 
draulic motor by working ?uid from said hydraulic 
pump. 

37. A control apparatus according to claim 35, 
wherein said ?rst pressure is substantially constant. 

38. A control apparatus according to claim 35, 
wherein when said second pressure is decreased, said 
rod is moved in a direction to operate said clutch to 
interrupt the transmission of power from said hydraulic 
pump to said hydraulic motor. 

39. A control apparatus according to claim 35, 
wherein said valve means comprises a ?rst solenoid 
valve whose opening is controlled in accordance with 
?rst duty-ratio signals and a second solenoid valve 
whose opening is controlled in accordance with second 
duty-ratio signals, said ?rst solenoid valve being dis 
posed in said second hydraulic line means and said sec 
ond solenoid valve being disposed in drain hydraulic 








